Запропоновано та апробовано на реальних даних методич-ний підхід до визначення оптимальних параметрів стохастич-ної системи управління запасами в умовах економічно обґрун-тованого дефіциту, який дозволяє оперативно реагувати на коливання попиту і динаміку змін стану запасів. Цей підхід пов'язує, зокрема, витрати від дефіциту та відповідний рівень сервісу зі значеннями страхового запасу, партії постачання та порогового рівня запасів. Методика застосовна до нормального закону розподілу споживання запасів та часу доставки.
Introduction
The problem of inventory optimization is topical for any enterprise, and effective management of replenishment and consumption processes has a decisive influence on the financial position and competitiveness of the company, as well as the quality of customer satisfaction. That is why the newest concepts of inventory management are nascent on the joint financial and production management, logistics and marketing, operations research and mathematical statistics.
The traditional approach to inventory management at domestic enterprises was to increase the volume of inventory and avoid shortages. However, the active use of logistics methods and technologies has changed the economic essence of stocks -from assets to liabilities, as well as management philosophy in terms of the optimal level of client service and acceleration of commodity movement in supply chains. From a Japanese management point of view, the stock should be associated with the cost, and it should be considered as a buffer that smooths supply irregularities, which restock, and consumption, use of stock characteristics. Improvement of information support, differentiation of supply sources and methods of transportation create preconditions for a significant reduction of the stock level without loss of quality of customer service, which helps to decrease total expenses of the enterprise.
It is determined in the work [1] that effective inventory management allows the enterprise to meet or exceed consumer expectations, creating such reserves of each product, which maximize net profit. This means that it is necessary to determine the optimal inventory size, which is necessary to meet the needs of consumers and would provide the maximum return of funds invested in the goods. These two components do not contradict but complement each other. In other words, in terms of effective inventory management, it is necessary to determine such an optimal inventory level, which minimizes the cost of the inventory control system, and, accordingly, maximizes profit. The total cost criterion is based, on the one hand, on the value of operating costs for the creation and holding of stocks, and on the other -potential losses due to the shortage of goods because of reduced sales, degradation of the quality of consumer service or increased operating costs for urgent delivery of goods.
It should be noted that in the scientific literature, there are different approaches to building inventory management strategies. On the one hand, the widespread technology JIT, which binds inventory with the planned volume of consumption, helps to spread the strategy of stock minimization, sometimes to zero levels [2] . On the other hand, the variability of the environment and uncertainty of consumption conditions determine the need to create safety stock, and then we can say about the strategy of stocks optimization [3] .
Exactly the second approach actualizes the need to develop mathematical instruments to determine economically defined inventory levels in terms of minimizing the total costs associated with the creation and support of stocks. The quality of the construction of the corresponding system affects, on the one hand, the level of customer satisfaction with the level of service, and on the other hand -the level of costs of the entire logistics chain. Therefore, it is necessary to constantly seek a compromise between enough inventory level in points of sale, level of allowable shortage and absence of inventory excess in the supply chain. This requires the creation of such an inventory management system, which would be able to most accurately and quickly react to changes in the external environment with the unchanging maintenance of quality parameters and customer service speed.
Literature review and problem statement
The theory of optimal inventory management was born in the 19th century, when in scientific writings [4, 5] the analytical models of calculating the optimal order quantity under the conditions of deterministic demand were elaborated. A distinctive feature was a certain idealization of supply and stable replenishment conditions.
The new stage of the inventory management theory relates to the rapid development of logistics, which some scientists reference as a science of control of the stock movement [6, 7] . Some authors, in particular [8, 9] , separately investigated the processes of formation and optimization of safety stocks in the conditions of the uncertainty of demand. The authors of [10] developed the so-called stochastic quasi-gradient method of solving the problems of convex stochastic programming. Modifications of this method were considered in the works [11, 12] .
At the same time, the use of the developed mathematical methods in business is limited, on the one hand, by the existence of assumptions and simplification of real conditions, and on the other -the difficulties of obtaining the source data for calculations [13, 14] .
It should be noted that the researchers have paid significant attention to the economic essence of inventories and their influence on the financial results of the enterprises. The author of [1] claims that effective inventory management allows companies to better meet the needs of consumers and thus achieve high ROI in warehousing.
On the other hand, globalization of supply chains and attempts to satisfy the needs of consumers perfectly led to the creation of considerable excess stocks in the channels of distribution of produced goods, which was named the "bullwhip effect" [15] . That is why scientific researches [16, 17] emphasizes the need to assess the risk of stock accumulation and the erroneous development of some methods of calculating the size of safety stock aimed to avoid the deficit.
A planned shortage or delay of supply sometimes helps to lower the overall cost of the system. In [18] , the author presented a model of economic production quantity with planned backorders and proved its economic efficiency. The author [19] used the analytic geometry and algebra for inventory management models with the shortage. Two types of the costs of breach of obligations were used: one -linear, others -fixed.
The work [20] , which investigates the enlarged range of inventory control system costs, including costs of damage to goods, costs of extraordinary supply in case of shortage, loss from lost sales is interesting.
The authors of [21] developed a model of managing single-product inventory, considering a partial shortage. It is assumed that in case of shortage, a part of clients will not wait for the goods to come but will go to the competitor, which would affect the general expenditures. In [22] , the shortage is viewed as a valid, set value. The authors developed a model with time-dependent demand and storage costs for building optimal stock replenishment policies. Some authors, for example, [26] , determined the optimum shortage for specific objects (in [26] -poultry farms), which determined the use of specific costs groups and additional partial criteria.
Thus, the analysis of modern literature on planning the inventory shortage testifies that the inclusion of appropriate costs in the general model allows considering not only the direct expenses of the system but also lost sales and costs of the unplanned supply. The expansion of the range of expenses can significantly affect the value of inventory management system parameters.
The research in the area of stochastic inventory management systems is represented by a wide range of works. In particular, the authors of [24] developed an optimizing model for supply chain, considering the uncertain demand, production cost, distribution of transportation costs, shortage losses and other parameters.
Due to global research [25] , it is possible to estimate the share of the authors, who paid attention to the problems of stock shortage, as well as stochastic models of inventory management in 2008-2018. The authors examined 56 publications that were included in 32 journals of ScienceDirect and Scopus. Approximately 15 % of the works related to stochastic models of inventory management, about 12 % touched the issues of economically viable shortage. None of the works contained, on the one hand, the determination of economically viable shortage, and on the other -the determination of stochastic inventory management system parameters considering the optimum level of service.
Thus, a review of scientific literature and problems related to stock optimization at different enterprises showed a high degree of development of appropriate mathematical methods and models. On the other hand, there is a low level of practical use due to the need to account for many factors influencing the formation and holding of inventory in exact conditions. The problem of determination of inventory management system parameters under the conditions of uncertainty and economically justified deficit by the criterion of minimization of the general expenses of the enterprise requires a scientific basis and methodological support.
The aim and objectives of the study
The aim of the study is to develop a methodical approach to calculating the parameters of the stochastic inventory management system in conditions of economically based shortage by means of statistical methods.
In accordance with the stated aim, the following objectives of the study are defined:
-to develop a procedure that would allow linking deterministic and stochastic conditions of the inventory control system, in particular, costs of shortage, the value of safety stock and order quantity; -to prove the expediency of the cost-effective level of inventory shortage and to associate it with the size of safety stock and other parameters of the inventory management system with a normal distribution of parameters;
-on the basis of compromise between the levels of shortage, safety stock and client service to develop the method of calculating the parameters of the stochastic inventory management system, to estimate its sensitivity to input parameters.
Materials and methods of the study

1. The method of determining the parameters of stochastic inventory management system in conditions of economically based shortage
The main input parameter of the inventory management system is demand. In real conditions, demand often has a random pattern. In addition, it should be considered that replenishment of stocks (supply) also occurs with certain time fluctuations. Of course, it is possible to work with averaged values of demand and time of delivery, but in some cases, neglect of the stochastic nature of consumption and replenishment of inventory may result in incorrect calculations and, consequently, increase of logistic costs.
According to [6, 13, 15, 26] , the main parameters of the inventory management system are the maximum desired stock, the order quantity, the size of safety stock, reorder point. However, we believe that an economically based shortage should also be present among the parameters of the inventory management system.
To build an effective inventory management system in stochastic conditions, the algorithm is proposed (Fig. 1) .
Consider each of the stages of this algorithm in more detail.
Removal of abnormal values.
A gross error or outliers is an error of a certain measurement included in a series of measurements, which for these conditions differs dramatically from other results of this series [27] .
In logistics, outliers can be results related to the emergence of conditions that do not have to repeat in the future -stop of production equipment, car accidents, theft of warehouse or transport supplies, supplier strike, etc. If the probability of such events in the future is extremely low, observations that are registered due to the above events must be removed from a series of data as gross errors, as they "differ dramatically from other results" (according to the definition).
Possible criteria for checking the values for the presence of gross errors are shown in Table 1 . Table 1 Criteria for checking the statistical values for outliers
Criterion name
The number of measurements for which the criterion is applied
The condition of availability of a gross error
Features of use
The results of measurements are ranked by growth Romanovsky n≤20
Determined depending on the number of measurements If an outlier is detected, the value must be excluded, and the numerical characteristics are recalculated.
For subsequent calculations, the value of the sample mean and sample standard deviation is needed. The sample mean:
where х і -the middle of the i-th interval; n i -the number of observations in the i-th interval; N -the total number of statistical observations; n -the total number of intervals; f i -the frequency at which the values fall in the i-th interval. Formulae for calculating dispersion and standard deviation are chosen depending on the number of observations (Table 2) . Table 2 Formulas for dispersion and standard deviation 
Verification of the hypothesis concerning the normal distribution of demand and time of delivery.
The problem of identification of the distribution law describing statistical data is an extremely important stage of forecasting and planning.
A statistical hypothesis is any assumption concerning frequency function, probabilities (probability density function) or quantitative characteristics of numerical series [28] .
To verify the hypothesis of the normal distribution of sales and delivery times, it is proposed to apply the Pearson chi-squared test. To do this, we must calculate the theoretical values of the probability of getting to each of the intervals. This is assisted by the Laplace transform (probability density function of the normal distribution).
The probability p і for the normal distribution of a random variable X is calculated according to the formula [27] :
where х lі and х rі -the lower and upper bounds of the intervals, respectively. The values of the Laplace function for the positive values of the argument x (0≤x≤5) are given in [29] . For the values x>5, φ(x)=0.5 is taken. For negative x values, the same table is used, given that the Laplace function is odd, i. e.
The value of the Pearson's criterion or Chi-squared criterion (χ 2 ) is calculated by the formula [28]: 
where n -the number of groups into which empirical data are divided; f ei -the frequency observed in the i-th group; f ti -theoretical frequency. For the χ 2 distribution, a table (such as in [30] ) is created, where the critical value of the χ 2 acceptance criterion for the selected significance level α and degrees of freedom is specified.
The hypothesis of the normal distribution is accepted when the actual χ 2 value does not exceed the critical table one (Fig. 2) . culated by the MS Excel 2010 program is usually somewhat more exact than the tabular one.
To assess the correctness of the hypothesis concerning the belonging to the normal distribution, it is recommended to calculate an additional p-level or p-value (probability to obtain such or even greater value of the criterion in the equity of the null hypothesis) [31].
Calculation of the optimal level of shortage (if the hypothesis for the normal distribution is accepted).
If the hypothesis of belonging of statistical data to the normal distribution is confirmed, it is possible to use the formula for the optimum level of shortage and tabular data for normal distribution.
According to [26] , the optimal level of shortage:
where С h -the cost of storing a unit of goods per 1 day; С def -losses from the shortage of a unit of goods per 1 day.
As for the shortage losses, there are certain problems with determining the value of these expenditures [14] . There can be quite a lot of approaches. Consider a few of them:
1) if the client who wants to buy a product and is not able to do it because of the lack of goods in stock, purchases this product in another company. In this case, the shortage losses correspond to the value of lost profit from the sale of goods, which is in lack;
2) if the client who cannot buy a product because of its absence, is offered a discount with which he will be able to obtain a product if he waits for arriving of the new shipment. In this case, the shortage losses correspond to the value, which reduces the profit from the production unit through the discount;
3) if for satisfaction of the client and fast delivery of the missing goods, blitz-orders with an increased cost of delivery are done. Then the additional cost of unplanned supply is distributed between all units of the shipment, so this will be shortage losses; 4) one option can be a combination of others. For example, ordering the blitz-supply and simultaneously offering a discount, to make customer be waiting for the product and do not apply to the company-competitor. Then the shortage losses are summed up.
Calculation of the amount of safety stock (considering the optimal level of shortage).
If the demand (sales, need) and time of delivery (the time of order fulfillment) obey the normal distribution law, the calculation of the safety stock requires a table value Z (the number of entailing no deficit standard deviations) [32] .
The number of entailing no deficit standard deviations and service level are connected by the NORMSINV function of the MS Excel 2010 program. In order to find the number of entailing no deficit standard deviations at a certain service level, it is necessary to specify the =NORMSINV function (service level).
The probability of shortage (in this technique -the optimum level of shortage) is defined as
where L -service level [33] .
Considering the Z values and parameters of the distribution of consumption volume and delivery time, the safety stock is calculated according to the formula:
where Z s -the value of safety stock, un.; z -the number of entailing no deficit standard deviations; `t п -average execution time of the order, days; s s -standard deviation of demand, un./day; `S -average consumption, un./day; s tstandard deviation of delivery time, days [6] .
Calculation of the amount of optimal order quantity considering the possibility of shortage.
The model of inventory management with the possibility of shortage provides the calculation of the optimal order quantity by the formula 2 ,
where D -demand for goods during a certain period of time, un.; С s -the cost of order delivery, which does not depend on the size of the order, UAH/un.; С h -the cost of storing a unit of goods during a certain period of time, UAH/un.; C def -the cost of shortage of a unit of goods during a certain period of time, UAH/un. [1] .
Calculation of the interval between orders.
To calculate the optimal interval between orders, first the number of deliveries per year should be determined:
The interval between orders is calculated by dividing the number of days in the period by the number of deliveries for that period:
Calculation of the optimal order quantity in stochastic conditions.
The order quantity can be calculated as follows:
,
where i Q′ -the quantity of the order i, un.; t і -time interval between orders, days; Z Ti -the level of the current inventory when issuing an order i, un; Z ti -the quantity of the stocks on the way not received at the moment of issuing an order i, un. [34] .
If the inventory level at the time of the order is zero and there are no stocks on the way, the order quantity can be obtained by the formula 
Q S t t Z t t S
= ⋅ + + ⋅ + ⋅σ + σ ′(11)
Calculation of the threshold level of the inventory management system.
The threshold level of inventory determines the level at which it is necessary to make the next order for replenishment of stocks. In stochastic conditions of consumption and receiving orders, the threshold level is determined by the formula [34]: .
2. Checking the algorithm on real data, sensitivity analysis of the model
Consider the application of the above methods on a practical example. Let there be sales statistics for 12 months of the year, as well as statistics of delivery time of goods (Tables 3, 4) . 
Extraction of abnormal values from the statistics.
Since the number of our statistical values is 12, we can use the criteria of Romanovsky or Grubbs. The formulas view to apply these criteria (Table 1) is the same, differing only in tabular data, which are compared with the left part of the condition (inequality).
Because the number of values presented in the statistics is less than 30 (n=5<30), to calculate the standard deviation, use the "corrected" formula (Table 2) .
Calculated values of the sample mean (1) and sample corrected standard deviation (Table 2): 13.2 x = un., 0.972 σ = un. Now you can calculate the values of the left part of the condition for the anomalies of values (Table 5) .
Compare the obtained values of the left part of the condition for the abnormal values with the table ones ( Table 6) .
As we can see, all the values of the left part of the condition concerning anomalies (Table 5) are smaller than any value of the Romanovsky criterion (Table 6 ). This means that with a probability of at least 99%, all statistics are not abnormal or gross values. According to the Grubbs criterion (Table 6 ), the last value of the criterion that corresponds to 99 % of non-membership with the abnormal value, is violated for the sales volume in the month No. 5 (2.26>2.229). If we accept the need for 99 % of the absence of abnormal values in the statistics, the sales number of the 5th month must be removed from statistics. The sample mean and standard deviation must be recalculated. We believe that the confidence probability of 0.98 will be enough to test the anomalies of the statistical series. This would mean that no statistics values have been removed as abnormal. 
Verification of the hypothesis concerning the normal distribution law.
Let us calculate the required number of groups by the formula k=1+3.322•lg(12)=4. 6 . As the rounding of the integers in the calculations is carried out in a greater direction, k=5.
Find the intervals of sales volumes for each of 5 periods. For this purpose, in the monthly statistics (Table 3) we find the largest and smallest value: х min =11, х max =15.
If you calculate with the MS Excel 2010 program, you can use the MAX and MIN functions.
The width of each of the five intervals will be 0.8 units (w=0.8). Thus, any value of demand between 11 and 11.8 units is included in the 1st interval. According to Table 3 , it is the value of the month No. 5.
For the 2nd interval, the left border begins with all numbers that are greater than the right border of the 1st interval, that is, after 11.8.
The right border of the 2nd interval is calculated similarly: х r2 =x l2 +w=11.8+0.8=12.6.
Similarly, the boundaries of other intervals are determined.
Then the frequency of hitting values in each of the five intervals must be calculated (the last column of Table 7) . Table 7 Specifying the number of observations in each interval and frequency The procedure for calculating the Pearson criterion components is given in Table 8 . Let us explain how to get columns 5 and 6. We find the value of φ(х 1 )=φ(-2.26). Since φ(-х)=-φ(х), we find the values in the table corresponding to the value of x 1 modulo: φ(2.26)=0.4881. So, the value of φ(-2.26)=-φ(2.26)=-0.4881. Similarly, we find the value of the Laplace function for all other arguments x 1 and х 2 .
All the components of the χ 2 formula are calculated in Table 8 , column 9. The total value of the χ 2 criterion is 0.37.
Because the number of intervals is n=5, the number degrees of freedom equals k=5-3=2.
The calculated value of χ 2 equals 0.37, tabular is 6.0, and 0.37<6.0, so the hypothesis of the normal distribution is accepted.
The test of the hypothesis for the normal distribution of delivery time is carried out similarly. Here are just the results. Distribution parameters of delivery time: sample mean -4.67 days, sample corrected standard deviation -1.03 days. The calculated value of χ 2 equals 1.84, table -6.0. Consequently, 1.84<6.0, and the hypothesis of the normal distribution is accepted.
Calculation of the optimal shortage level.
Set the data about the inventory management system. Let the product cost is 100 UAH, and the storage cost is approximately 50 % of its cost per year, therefore, the annual cost of the storage of a unit of goods will be 100•0.5=50 UAH, a day -50/365=0.137 UAH.
The goods are sold at the price of 150 UAH, the profit from the sale is 50 UAH. Calculate the optimal parameters of the inventory management system by the following scenarios:
1. If in the absence of goods, the client refuses to expect the supply and goes to the competitor, the shortage losses are C def =50 UAH.
2. In the second version, we can offer the client a discount of 5 % of the goods price in case he agrees to wait for the next delivery, i. e. the sale price will be 150•0.95= =142.5 UAH and profit will decrease by 50-42.5=7.5 UAH. Thus, in this option C def =7.5 UAH.
3. In the case of a decision on extra delivery, the cost of goods is increased by 2 UAH. Then the profit from the sale of goods is reduced by 2 UAH, i. e. C def =2 UAH.
4. In this option, the client is offered to wait for the next delivery and given a 5 % discount. Thus, there is a combination of options 2 and 3. The shortage losses will be 7.5+2= =9.5 UAH.
The value of the optimal shortage level for the above four scenarios is shown in Table 9 .
It can be seen that the worst option is the client's leave to a competitor company, in this case, the acceptable shortage level is only 0.3 %. The maximum shortage level is valid in case of extra supply -6.4 %. However, this case is very sensitive to the unit cost of the blitz-delivery, that is, additional costs per unit of goods delivered. Table 9 Results of calculating the optimal parameters of the inventory management system with stochastic demand and delivery time 2) for delivery time: sample mean -4.67 days, corrected standard deviation is 1.03 days.
The value of the optimum safety stock level for the above four scenarios is shown in Table 9 . Safety stock quantity differs significantly for different scenarios -from 0.7 to 1.27 units (almost twice).
Calculation of the optimal order quantity considering the possibility of shortage.
Let us present the initial data included in the formula: -annual demand -159 un.; -delivery costs -200 UAH; -costs for storing one unit of goods during a year -50 UAH;
-losses from shortage of one unit of goods during a year: 1 scenario -50•365=18,250; 2 scenario -7.5•365=2737.5; 3 scenario -2•365=730; 4 scenario -9.5•365=3467.5 UAH.
The value of the optimal order quantity for the above four scenarios can be seen in Table 9 . The values are not very different for different shortage losses. This is caused by the known statement on the stability of the Wilson model. For the following calculations, it will be enough to take a certain average value of the optimal order quantity -36 units.
Calculation of the interval between orders.
To calculate the optimal interval between the orders, the number of deliveries per year must be determined by the formula (8): K=4.42.
According to (9) , the interval between orders is calculated as dividing 365 days in the period by the amount of supply during this period (4.42): I=82.6 days.
Calculation of the optimal order quantity in the stochastic conditions.
The results of previous calculations are used to determine the optimal order quantity in the stochastic conditions (Table 9) .
It can be seen that the values of the optimal order quantity considering the stochastic consumption and delivery frequency differ slightly depending on the number of non-deficient standard deviation (2.76, 2.06, 1.52, 2.2) and varies from 39.23 to 39.90 un. Thus, we can claim that the shortage losses weakly affect the order quantity both for differential and stochastic parameters.
Calculation of the threshold level (ROP -Reorder Point) of the inventory management system.
Let us calculate the value of the threshold level, at which you should make an order for replenishment of stocks (Table 9) . It is seen that the value of the threshold level varies depending on the amount of safety stock from 2.76 to 3.33 un.
Discussion of the methodology and prospects of its application
Thus, the proposed algorithm allows linking the deterministic and stochastic conditions of the inventory management system.
Shortage costs and correlation with the storage costs set by the scenario approach must determine the most expedient shortage level in these conditions. And, therefore, the optimal service level, which, in turn, determines the volume of safety stock.
It can be argued that the volume of the optimal order quantity is weakly dependent on the different values of shortage costs, which is associated with the stability of the Wilson model.
The optimal value of the threshold level or the re-order point directly depends on the amount of the safety stock: the higher the value of the optimum safety stock, the higher the value of the threshold level. Thus, the increase of the service level leads to an increase of all horizontal levels of the inventory control system -safety, threshold level and maximal level of stocks.
The strong side of the study is the development and testing of the algorithmic procedure for the determination of inventory management system parameters in the conditions of uncertainty, which can react promptly to the dynamics of changes in consumer demand and inventory status. This allowed combining the deterministic methods of determining the optimal order quantity and stochastic methods of calculating the volume of safety stock.
Economically expedient level of shortage determines the optimal level of customer service and the optimum amount of safety stock by the criterion of total costs.
The restriction of this method is the assumption that the intensity of consumption and time of replenishment of stocks as random quantities have normal distribution law.
The possibilities for further research is testing of the proposed methodological approach to inventory management with a seasonal pattern.
The threats to the results of the study are that in a rapidly changing market environment the company is forced to constantly change the inventory management strategy, not always guided by the formalized criteria. Targeting the non-deficiency of stocks increases the risks of creating excess inventories and thus increases the irrational losses of funds and enterprise resources.
From a practical point of view, the proposed approach allows avoiding the creation of excess inventory in supply chains and, accordingly, reducing storage costs, the need for the working capital and the risks of accumulation of non-liquid stocks.
Conclusions
1. The algorithmic procedure of finding the parameters of the stochastic inventory management system, which provides the calculation of economically expedient shortage level, the optimal amount of safety stock, connected with customer service level is developed, by the criterion of the total costs. Shortage costs and correlation with the storage cost set by the scenario approach determine the most expedient shortage level in the real conditions of creation and storage of inventory.
2. The advisability of calculating the parameters of the inventory management system with a normal distribution of demand and delivery time on the basis of economically justified shortage level is justified. Thus, exactly the estimated shortage level should determine the optimal service level, not vice versa. In fact, the ratio, which determines the optimal shortage level, takes into account all components of the system costs, and, therefore, finds the shortage level according to the criterion of total costs, which include in particular the costs of the insufficient service level.
3. Based on the found compromise between shortage level, safety stock, and client service level, the parameters of the stochastic inventory management system -optimal order quantity, reorder point and the threshold level of stocks, which consider the level of the economically reasonable shortage and the optimal safety stock were calculated. This approach allows forecasting the status of the stock and reacting promptly to any changes in consumer demand or goods delivery terms.
Introduction
Development of the transport infrastructure of any country has a key impact on the economy in general. In particular, the World Bank annually develops a program in the form of manuals and reports [1] with the involvement of private investors to designing, funding, implementation and management of infrastructure projects. 
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